
Survival and Growth of Planted and
Direct-SeededCherrybark Oak in

South Carolina

John A. Stanturf and Harvey E. Kennedy, Jr. (retired),
USDAForestService,SouthernResearchStation,Stoneville,
MS38776.

ABSTRACT. Fivetreatmentswere usedto evaluatethesurvivalandgrowthofplanted2-0 cherrybarkoak
(QuercuspagodaRaf.) seedlingsand seedlingsgrownfrom direct-seededacornsof cherrybarkoak. The
treatmentsincluded.(])deep-planted,top-pruned,(2) deep-planted,not top-pruned,(3)shallow-planted,top-
pruned,(4) shallow-planted,not top-pruned,and (5) acornsdirect-seeded.Survival wasnot affectedby
treatments.Plantingdepthandpruningdidnotaffectsurvivalofplantedseedlings.Theroot collar ofseedlings
wasplacedaboutift belowthegroundlinein thedeep-plantedtreatments;however,after5 yr theseseedlings
hadsurvivedas well asthosein theshallow-plantingtreatmentswheretheroot collarwassetat ornearthe
groundline. Seedlingsfrom the direct-seededacorns were significantlysmaller after 5 yr than planted
seedlings.Therewere no differencesin thesizeofseedlingsin theplanting treatments.Seedlingswere1.0to
].Sftshorterwhenprunedafterplantingthantheunprunedseedlings-andgrewmorein heightduring the5 yr
periodthantheunprunedseedlings.South.J.Appl. For. 20(4):]94—196.

Publicandprivateprogramstoreforestformeragricultural
land havestimulated interest in artificial regenerationof
bottomlandhardwoods.Oakspecieshavebeenfavored,due
to theirpotentialvaluefor lumberandwildlife (Allen 1990).
Intensivelyculturedplantations,however,are expensiveto
establish(Bullard et al. 1991). Direct-seedinghasproven
successfulfor heavy-seededspeciessuchas oaks(Johnson
andKrinard 1987,Kennedy 1993,Wittwer 1991). Besides
easeof handling, direct-seedinghas theadvantageof being
less expensivethan planting barerootseedlings.In opera-
tionalpractice,therehavebeennumerousfailuresof direct-
seeding(R. Simmering,pers.comm., 1993).Moreover,the
initial heightadvantageof plantedseedlingsmeanstheland-
ownerusing direct-seedinghas to acceptsmallertrees,at
leastearlyin therotation.Nevertheless,therehavebeenfew
direct comparisonsof planting and direct-seedingon the
samesite.

Thisstudywasdesignedto testanothermethodfor estab-
lishing oakregeneration,plantinglarge2-0seedlings,andto
comparesurvival andgrowth to direct-seededseedlings.
Plantinglargerseedlingsispotentiallyadvantageousbecause
fewerseedlingswouldneedto beplantedto fully occupythe

Note: Thisresearchwasdonein cooperationwith theMississippiAgricul-
turalandForestryExperimentStationandtheSouthernHardwood
ForestResearchGroup.

194

site, andthey mayrequireless intensivesite preparationand
weedcontroltreatments.Potentialdisadvantagesincludethe
highercost of raising 2-0 stock;difficulty in handlingand
transportinglargerstock;andthelargerplantingholeneces-
sary. Someof thehandlingproblemscould be alleviatedby
top-pruningthe seedlings(Johnsonet al. 1986).

Five treatmentswereusedto evaluatethe survival and
growthof 2-0cherrybarkoakseedlingsplantedattwo depths,
with and without top-pruning,and seedlingsgrown from
direct-seededacomsof cherrybarkoak.

Methods

StudySite
Thisstudywasestablishedin thefloodplainof theSantee

River,about20 milessoutheastofManning,SC.In late1982,
a 60 ac forestedareawasclearcut,debrisremoved,and the
clearedareawasroot-raked.The studywasestablishedin
March, 1983.Soilsare of theTawcawseriesof fine, kaoli-
nitic, thermicFluvaquenticDystrochepts.Thesesoilshave
dark brown silty clayA horizonsoverbrownishclayeyand
loamy B horizons.Drainageis poor,andrunoff andperme-
ability areslow. Many areasarefrequentlyflooded, andthe
watertable rangesbetween20 and48 in. during winterand
earlyspring.Speciesrecommendedby theUSDA Soil Con-
servation Servicefor planting are cottonwood (Populus
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deltoidesBartr. ex Marsh.),loblolly pine (Pinus taedaL.),
sycamore(PlatanusoccidentalisL.), sweetgum(Liquidam-
barstyracifiuaL.), wateroak(Q. nigra L.), and cherrybark
oak.Siteindexis 90 to 100 ft at baseage50 for wateroak,
cherrybarkoak,andwillow oak (Q. phellosL.).

DesignandTreatments
Thestudywasdesignedas a randomizedcompleteblock

with five replicationsof five treatments.Blocks were ap-
proximately60 ft by 100 ft in size.Eachblock containedsix
rows; rows were 10 ft apart. One of five treatmentswas
randomlyassignedto eachrow ineachblock.Plantingspots
within rowswere 5 ft apart,thusa spacingof 5 ft by 10 ft. A
sixthrow wasdirect-seededwithShumardoak(Q. shumardii
Buckl.) but theseresultsarenotpresented.

Treatmentswere as follows:

1. 2-0 cherrybarkoak,deep-planted,not top-pruned(DNP)

2. 2-0 cherrybarkoak,deep-planted,top-pruned(Dr)

3. 2-0cherrybarkoak,shallow-planted,not top-pruned~5NP~

4. 2-0 cherrybarkoak,shallow-planted,top-pruned(Se)

5. Cherrybarkoakacorns,direct-seeded(DS).

Seedsfor all treatmentswerecollectednearStoneville,
MS. Seedlingswere grown in the nurseryat the Southern
HardwoodsLaboratoryat Stoneville,MS.

PlantingandPruning
Seedlingswereplantedin 9 in. diameterholesdug with

agasoline-poweredpostholedigger.Holesfordeep-planted
seedlingswere approximately2 ft deep, and those for
shallow-plantedseedlingswereapproximately1 ft deep.
The root systemsof seedlingswereprunedto about9 in.
in width and 1 ft in length beforeplanting.Rootcollarsof
deep-plantedseedlingswereplantedabout 1 ft below the
groundline, and at groundline for the shallow-planted
seedlings.Top-prunedseedlingswerepruned1 ft above
the groundlineafter planting. Unprunedseedlingsaver-
aged 2 to 2.5 ft tall at planting. Soil was replacedand
tampedfirmly aroundthe roots.Fouracornsperspotin
direct-seededrowsweresown I to 2 in. deep.Therewere

20 seedlingsor direct-seededspotsin eachrow. No weed
control wasdoneafterplanting.

Measurements
Height and survival weremeasuredafter the first and

fifth growingseasons,anddiameterat breastheight (dbh)
afterthe fifth growingseason.Diameterwasmeasuredto
thenearest0.1 in. at 4.5 ft aboveground(dbh)whena tree
was tall enough.Height was measuredwith a graduated
aluminum pole to the nearest0.1 ft. The four acorns
plantedat eachdirect-seededspotwereconsideredasone
planting spot. If more than one acorn germinated,the
height anddiameterof the largestseedlingwereused in
statisticalanalysis.

StatisticalAnalyses
The meanof eachblock by treatmentcombinationwas

consideredthe experimentalunit. Mean survival (arc-sine
transformed),dbh, andtotal height of the seedlingsin each
treatmentweretestedatthe0.05 level of confidence.Means
were comparedusingDuncan’sNew Multiple RangeTest.

ResultsandDiscussion
Mean survival, dbh, and total accumulatedheight for

plantedanddirect-seededcherrybarkoakareshowninTable
1. Analysisof varianceshowedno significant differencein
survival due to treatmentafter I or 5 yr. There were no
differencesin survivalbetweendeep-andshallow-planted
seedlings.

There were significant differences in seedling size
among treatmentsat I and at age 5. Direct-seeded
cherrybark oakswere significantly smallerthan planted
seedlingsin height after I and 5 yr. and in dbh after 5 yr
(Table 1). At age5, seedlingsfrom direct-seededacorns
wereabout50%as largeas plantedseedlings.Significant
differencesin heightat age1 werecausedby pruning and
deepplanting,with the shallow-planted,unprunedseed-
lings significantly taller than the otherplantedseedlings.
Seedlingswere 2 to 2.5 ft tall beforepruning,thus 1 ft to
1.5 ft of topmaterialwasremovedby pruning.By age5,
there were no significant differencesin height or dbh
amongplantedseedlings,regardlessof depth of planting

Table 1. Averagesurvival, dbh, andtotal height of planted2-0 and direct-seededcherrybarkoakafterone andfive
growing seasons.1

Treatment

Survival2 Height

Diameter(in.)Yr 1 Yr 2 Yr 1 Yr 2

Deep,notpruned3
Deep,pruned4
Shallow, notpruned5
Shallow,pruned
Direct-seeded

84a
61a
72a
69a
78a

(%)
76a
54a
64a
69a
78a

1 .9b
l.6b
2.3a
I Sb
0.6c

(ft)
78a
7.7a
7.6a
7.5a
3.8b

O.8a
0.7a
O.7a
0.9a
O.3b

1 Values in acolumn followed by thesameletter arenotsignificantlydifferentat the0.05 level.
2 Mean of 5 replications,with 20 seedlingsor direct-seededspotsper row.
~ Deepplantingmeansplantingholes2 ft deep,with rootcollarapproximately1 ft belowgroundline.
‘~ Seedlingtop-pruned1 ft abovegroundlineafterplanting.

Shallow plantingmeansplanting holes1 ft deep,with root collarat orslightly belowgroundline.
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or whetherseedlingswere top-pruned.Prunedseedlings
actuallygrewmorein height during the 5 yr period than
the unprunedseedlings.At age 5, the study area was
infestedwith briars,butmostoakseedlingsappearedto be
in a free-to-growsituation.

Conclusions

Direct-seedingcanbe as effective as planting seed-
lings. There were no significantdifferencesin survival
betweentreatments.Survivalratesof 60%to 80%arehigh
fordirectseeding,comparedtooperationalrateswhichare
typically around35% (Kennedy 1993). This wasdue in
partto our useof “spot” survivalestimates,wheresurvival
wasbasedon four acornsata sowingspot,ratherthanone,
which is common in operationaldirect-seeding.It also
may havebeendue to the relatively intensesiteprepara-
tion which probablyremovedor set backcommonwoody
andherbaceouscompetitors,andreducedhabitatforsmall
mammalsthatpreyon acorns(JohnsonandKrinard 1987).

Standestablishmentis fasterwith plantedseedlings.Ini-
tial differencesin heightweremaintainedup to 5 yr; planted
seedlingsweretwicethesizeof seedlingsfromdirect-seeded
acorns.Theseresultsfollow the sametrendsin sizediffer-
encereportedby others(Allen 1990,Wittwer 1991).

Large(2-0)seedlingscanbeplantedwith rootcollarsasmuch
as 1 ft belowgroundlinewithout affecting survival or growth.
Large seedlingscan be top-prunedwithout reducingsurvival
and will actually grow morevigorously than unprunedseed-
lings.Thus,it maybepossibletoreduceshippingandhandling
expenseby top-pruning (Johnsonet al. 1986). In this study,
however,top-pruningoccurredafter the seedlingwas planted.
Pruningbeforeoutplantingmay affectvigor in waysnottested
in this study.
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